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Chemical context
The triazole ring system has attracted considerable interest among synthetic organic chemists and those dealing with medicinal compounds because of its versatile potential to interact with biological systems (Martins et al., 2015) . Many of its derivatives are important as agrochemicals (Dayan et al., 2000; Huang et al., 2006; Ling et al., 2007) . There is also a continuing need for the development of new drugs as those currently available are becoming ineffective because of the drug resistance developed by pathogens. Moreover, lifethreatening infections caused by pathogenic fungi are becoming increasingly very common (Leather & Wingard, 2006; Walsh et al., 2004; Chai et al., 2011) . Triazole compounds have shown great efficacy against fungal infections. In 1944, Woolly discovered the excellent antifungal properties of azole derivatives, which led to the development of fluconazole, variconazole, albaconazole and itraconazole (Dismukes et al., 2000; Zonios et al., 2008; Gupta et al., 2003) . Further structural modifications of this ring system are expected to result in potential candidates for antifungal agents. These modifications use different functionalities such as aliphatic chains, aromatic rings, heterocyclic ring systems etc. (Calderone et al., 2008; Kim et al., 2010; Giffin et al., 2008; Wang et al., 2005) . As a continuation of our research on the synthesis, functionalization, physico-chemical and biological properties of triazole ISSN 2056-9890 derivatives (El Bakri et al., 2018 , 2019a , we report herein on the crystal structure, DFT calculations and Hirshfeld surface analysis of ethyl (2S,3R)-3-(3-amino-1H-1,2,4-triazol-1-yl)-2-hydroxy-3-phenylpropanoate (1).
Structural commentary
The conformation of the molecule is controlled in part by two intramolecular interactions, a C2-H2Á Á ÁO1 hydrogen bond and a C-HÁ Á Á(ring) interaction between C5-H5 and the triazole ring (Table 1 and Fig. 1 ). This leads to a dihedral angle of 87.12 (4) between the phenyl and triazole rings. Atoms N4 and C3 are displaced from the mean plane of the triazole ring by 0.046 (1) and À0.056 (1) Å , respectively. All bond distances and interbond angles are as expected for the formulation given.
Supramolecular features
In the crystal, O1-H1Á Á ÁN3, N4-H4AÁ Á ÁO2 and N4-H4BÁ Á ÁN1 hydrogen bonds (Table 1) form layers of molecules parallel to (101) (see Fig. 2 ), which are joined by inversionrelated pairs of C12-H12BÁ Á ÁO1 hydrogen bonds (Table 1 and Fig. 2 ).
Database survey
Searches of the CSD (Version 5.40, updated to September 2019; Groom et al., 2016) with two different search fragments were performed. The first, with 3-amino-1H-1,2,4-triazole as the search fragment, found three structures in which a side chain is bound to the nitrogen atom in the 1-position of the triazole ring (N2 in 1), namely 4-(3-amino-1H-1,2,4-triazol-1yl)-4-methylpentan-2-one (QISROC; Zemlyanaya et al., 2018) , 1-(3-amino-1H-1,2,4-triazol-1-yl)-3,3-dimethylbutan-2one (VATPEO; Cai et al., 2017) and 3-amino-1-guanyl-1,2,4triazole dinitramide (YOPDAJ; Zeng et al., 2008) . The triazole ring in each of these is essentially planar and the distances of the corresponding C and N substituent atoms from the mean plane of the triazole ring are comparable to those observed for 1.
The second search, using 1-benzyl-1H-1,2,4-triazole as the search fragment, found fifteen structures, but in most of these the phenyl group is oriented with the line joining the ortho carbon atoms approximately parallel to that joining the atoms Table 1 Hydrogen-bond geometry (Å , ).
Cg1 is the centroid of the triazole ring. Symmetry codes: (i) Àx þ 3 2 ; y À 1 2 ; Àz þ 1 2 ; (ii) Àx þ 3 2 ; y þ 1 2 ; Àz þ 1 2 ; (iii) Àx þ 2; Ày þ 1; Àz; (iv) Àx þ 2; Ày þ 1; Àz þ 1.
Figure 2
The packing viewed along the b-axis direction. O-HÁ Á ÁN, N-HÁ Á ÁO, N-HÁ Á ÁN and C-HÁ Á ÁO hydrogen bonds are shown, respectively, by red, light-blue, orange and black dashed lines.
Figure 1
The title molecule with the labelling scheme and 50% probability displacement ellipsoids. The intramolecular C-HÁ Á ÁO hydrogen bond is shown by a black dashed line while the C-HÁ Á Á(ring) interaction is shown by a green dashed line.
in the triazole ring corresponding to C2 and N3 in Fig. 1 , so that there is an intramolecular C-HÁ Á Á(ring) interaction is not possible. Those in which this interaction is possible are (+)-6-[(4-chlorophenyl)(1H-1,2,4-triazol-1-yl)methyl]-1methyl-1H-benzotriazole (HALHOR; Peeters et al., 1993) , Ghazal et al., 2017) and 4,4 0 -(1H-1,2,4-triazol-1-yl)methylenebis(benzonitrile) (UKAKIA; Xu et al., 2002) . The HÁ Á Ácentroid distances and C-HÁ Á Ácentroid angles for these are: HALHOR: 2.94 Å , 111 ; HALHUX: 2.78 Å , 124 ; NEJFIU: 2.92 Å , 153 and 2.66 Å , 127 ; UKAKIA: 2.83 Å , 126 . The geometries of all of the C-HÁ Á Á(ring) interactions in these molecules, except for the first of the two interactions listed for NEJFIU, are comparable to that found in 1.
Theoretical studies

calculation of the electronic structure
The structure in the gas phase of 1 was optimized by means of density functional theory. The DFT calculation was performed by the hybrid B3LYP method, which is based on the idea of Becke and considers a mixture of the exact (HF) and DFT exchange utilizing the B3 functional, together with the LYP correlation functional (Becke, 1993; Lee et al., 1988; Miehlich et al., 1989) . In conjunction with the basis set def2-SVP, the B3LYP calculation was performed (Weigend & Ahlrichs, 2005) . After obtaining the converged geometry, the harmonic vibrational frequencies were calculated at the same theoretical level to confirm the number of imaginary frequencies is zero for the stationary point. Both the geometry optimization and harmonic vibrational frequency analysis of 1 were performed using the Gaussian 16 program (Frisch et al., 2016) .
comparison between the gas-and solid-phase geometries
From a comparison of selected geometrical parameters obtained from the B3LYP geometry optimization for 1 ( Fig. 3) with those from the crystallographic study (Table 2) , it is evident that the B3LYP-optimized geometry shows little deviation from the X-ray structure. To quantify the difference between the calculated and experimental geometries, the structure comparer built into the ChemCraft software (https:// www.chemcraftprog.com) was used to obtain their r.m.s. deviation. A weighted r.m.s.d. of 0.5684 was obtained with r.m.s. deviations of 0.7365, 0.4474, 0.1926, and 0.2606 for the H, C, N and O atoms, respectively.
Hirshfeld surface analysis
Both the definition of a molecule in a condensed phase and the recognition of distinct entities in molecular liquids and crystals are fundamental concepts in chemistry. Based on Hirshfeld's partitioning scheme, Spackman et al. (1997) proposed a method to divide the electron distribution in a crystalline phase into molecular fragments (Spackman & Byrom, 1997 The B3LYP-optimized geometry (Å ) of the title compound. Table 2 Bond lengths and angles (Å , ) in the B3LYP-optimized and the X-ray structures. B3LYP X-ray B3LYP X-ray regions where the electron distribution of a sum of spherical atoms for the molecule dominates over the corresponding sum of the crystal. As it is derived from Hirshfeld's stockholder partitioning, the molecular surface is named as the Hirshfeld surface. In this study, the Hirshfeld surface analysis of 1 was performed using CrystalExplorer (Turner et al., 2017) .
The standard resolution molecular Hirshfeld surface (d norm ) of 1 is depicted in Fig. 4 . This surface can be used to identify very close intermolecular interactions. The value of d norm is negative (positive) when intermolecular contacts are shorter (longer) than the van der Waals radii. The red regions on the surface represent closer contacts with a negative d norm value while the blue regions represent longer contacts with a positive d norm value while, the white regions represent contacts equal to the van der Waals separation and have a d norm value of zero. As depicted in Fig. 4 , the important interactions in 1 are HÁ Á ÁO and HÁ Á ÁN hydrogen bonds. In order to understand the relative importance of HÁ Á ÁO hydrogen bonds versus HÁ Á ÁN hydrogen bonds, we calculated the two-dimensional fingerprint plots for 1 ( Fig. 5) , which highlight particular atompair contacts and enable the separation of contributions from different interaction types that overlap in the full fingerprint. The most important interaction involving hydrogen in 1 is the HÁ Á ÁH contact. The contributions of the HÁ Á ÁO, HÁ Á ÁN, and HÁ Á ÁH contact are 13.6%, 16.1% and 54.6%, respectively.
Synthesis and crystallization
A mixture of 3-amino-1,2,4-triazole (2 g, 23.8 mmol) and ethyl 3-phenylglycidate (4.5 mL, 32.8 mmol) in n-butanol (20 mL) was refluxed for 24 h. After completion of the reaction (TLC indicated complete consumption of reactants), the solvents were removed in vacuo. The purified product was recrystallized from ethanol solution to afford 1 as colourless crystals 6.20 (s, 1H, OH), 6.62 (s, 2H, NH 2 ), 7.28-7.32 (CH Ar ), 8.32 (s, 1H, CH triazolic ). 13 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 .
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Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) 0.0515 (7) 0.0397 (6) 0.0250 (5) 0.0125 (5) 0.0141 (5) 0.0052 (4) C1 0.0296 (6) 0.0335 (6) 0.0235 (5) 0.0025 (4) 0.0072 (4) 0.0005 (4) C2 0.0376 (7) 0.0414 (7) 0.0257 (6) 0.0159 (5) 0.0087 (5) 0.0035 (5) C3 0.0279 (5) 0.0272 (5) 0.0196 (5) 0.0034 (4) 0.0079 (4) 0.0009 (4) C4 0.0249 (5) 0.0307 (6) 0.0244 (5) 0.0052 (4) 0.0039 (4) 0.0050 (4) C5 0.0298 (6) 0.0357 (6) 0.0289 (6) 0.0053 (5) 0.0013 (5) 0.0023 (5) C6 0.0333 (7) 0.0462 (8) 0.0419 (7) −0.0008 (5) −0.0065 (5) 0.0003 (6) C7 0.0253 (6) 0.0625 (9) 0.0501 (8) −0.0028 (6) 0.0026 (6) 0.0103 (7) C8 0.0279 (6) 0.0658 (9) 0.0382 (7) 0.0027 (6) 0.0099 (5) 0.0052 (6) C9 0.0286 (6) 0.0480 (7) 0.0290 (6) 0.0047 (5) 0.0074 (5) 0.0007 (5) C10 0.0246 (5) 0.0270 (5) 0.0237 (5) 0.0001 (4) 0.0042 (4) 0.0005 (4) C11 0.0251 (5) 0.0298 (6) 0.0237 (5) −0.0004 (4) 0.0013 (4) 0.0005 (4) C12 0.0376 (7) 0.0423 (7) 0.0236 (6) 0.0048 (5) 0.0043 (5) −0.0059 (5) C13 0.0712 (11) 0.0410 (8) 0.0414 (8) 0.0027 (7) −0.0013 (7) −0.0099 (6) Geometric parameters (Å, º) (2) 
